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Introduction
Coronary artery disease (CAD) constitutes a major cause of morbidity and mortality in patients with diabetes mellitus. In addition, because of diabetic neuropathy, myocardial ischemia and infarction may be prevalent in the absence of typical anginal symptoms. Non-invasive assessment of CAD in asymptomatic diabetic patients at higher risk has therefore been previously suggested by the guidelines of the American Diabetes Association and the American Heart Association [1] . If Cardiology Journal 2013, Vol. 20, No. 6 myocardial perfusion abnormalities are identified, coronary angiography is considered to confirm the presence of clinically relevant obstructive CAD possibly requiring intervention. However, previous studies have shown a discrepancy between the presence of myocardial perfusion defects and obstructive CAD in diabetic patients. In approximately 20-40% of diabetic patients, myocardial perfusion defects could not be clarified by obstruction of the coronary arteries [2, 3] . Abnormal coronary flow reserve (CFR) is often present in patients with cardiovascular risk factors despite the presence of angiographically normal coronary arteries [4] .
We hypothesized that fractional pulse pressure (PPf) is thought to reflect arterial stiffness than pulse pressure, because dividing by mean arterial pressure theoretically cancels out the influence of cardiac output and peripheral vascular resistance.
The current study was designed to prospectively evaluate the relationship between PPf and aortic stiffness and their impact on asymptomatic diabetic patients with abnormal CFR, without obstructive CAD.
Methods
Prospectively, 135 asymptomatic diabetic patients were screened for cardiovascular disease. A structured interview, physical examination, and laboratory analysis were performed. Cardiovascular risk factors were assessed according to the following criteria. A family history of CAD was considered positive if CAD was present in any first-degree family member. Diabetes was defined as a fasting blood glucose level of > 126 mg/dL or treatment with dietary modification or oral hypoglycemic agents at the time of the study. Hypercholesterolemia was defined as fasting serum total cholesterol > 200 mg/dL or if the subject was being treated with lipid-lowering medication or dietary modification. Hypertension was defined as a seated systolic blood pressure (SBP) > 140 mm Hg or diastolic blood pressure (DBP) > 90 mm Hg on at least 3 occasions, or if such a diagnosis had been made in the past and the patient was treated with medications or lifestyle modification. Body mass index was calculated as weight [kg] divided by height [m 2 ]. All patients with angiographically documented CAD were excluded from the study.
CFR and coronary angiography were performed as part of the clinical work-up of all patients. Concurrent measurements of PPf aortic stiffness indices (ASI) were performed.
The local ethical committee approved this study. Informed consent was obtained from all patients.
Blood pressure measurement
Blood pressure measurement was performed at 3 different visits in our outpatient clinic by using a mercury sphygmomanometer with the patient in the sitting position resting for at least 5 min. Pulse pressure was calculated as the difference between SBP and DBP. Mean arterial pressure was calculated as DBP plus one third of pulse pressure. PPf was calculated according to the following equation: fractional pulse pressure = systolic blood pressure -diastolic blood pressure/mean arterial pressure (PPf = SBP -DBP/MAP)
Evaluation of coronary flow reserve
Left anterior descending (LAD) coronary artery was visualized using a modified, foreshortened 2-chamber view, and an optimal alignment to the interventricular sulcus was obtained. The color gain was adjusted to provide optimal images and coronary flow in the distal LAD was examined by color Doppler flow mapping over the epicardial part of the anterior wall. Pulsed wave Doppler recordings of the mid-to-distal LAD coronary artery were obtained from each subject. Spectral Doppler of the LAD coronary artery displayed a characteristic biphasic flow pattern, with a larger diastolic and a smaller systolic component. Hyperemia was induced by infusion of dipyridamole at a rate of 0.56 mg/kg over 4 min. Coronary peak diastolic velocities were measured at baseline and at hyperemia. The highest 3 Doppler recordings were averaged for each measurement. CFR was calculated as the ratio of hyperemic to baseline peak diastolic velocities [5] . CFR is a method of assessing the functional severity of coronary stenosis [6] . The exact cut-off value that divides "normal" from "abnormal" CFR -i.e. microcirculation dysfunction -is rather vague. The recent CFR consensus [6] considers a value of < 2.0 a proof of ischemia and of hemodynamically significant stenosis, and thus an indication for intervention. Values 2.0-2.5 are the so-called grey zone, and only values > 2.5 are considered completely normal. On this basis, we used a CFR cut-off value of 2.5 to divide the diabetic patients into those with normal (> 2.5) and low (≤ 2.5) CFR.
Noninvasive evaluation of aortic stiffness
The transverse displacement of the aortic wall was measured with commercially available Ragab A. Mahfouz et al., Fractional pulse pressure, aortic stiffness, coronary flow reserve equipment (GE-Vivid 3; General Electric, Milwaukee, WI) with 2.5 and 3.5 MHz transducers. After routine conventional echocardiographic examination, patients were placed in a left mild recumbent position and the ascending aorta was recorded in the 2-dimensional guided M-mode tracings. The aortic diameter was recorded by M-mode echocardiogram at a level of 3 cm above the aortic valve. Internal aortic diameters were measured by means of a caliper in systole and diastole as the distance between the trailing edge of the anterior aortic wall and the leading edge of the posterior aortic wall. Aortic systolic (AoS) diameter was measured at the time of full opening of the aortic valve and diastolic (AoD) diameter was measured at the peak of QRS complex of the ECG. Five consecutive beats were measured routinely and averaged. Measurements were performed by the same investigator; the intraobserver variability in aortic diameter measurements was 2.2%. The obtained values were used to calculate aortic stiffness indices:
Aortic strain (AOST) = systolic diameter (SD) --diastolic diameter (DD) × 100/diastolic diameter (DD); and elastic modulus E(p) = PP/strain. Aortic stiffness (b) Index = In (SBP/DBP)/(AoS -AoD)/ /AoD (pure number), and aortic distensibility (cm 2 / /dyn) = 2 × AOST/pulse pressure [7] [8] [9] .
Statistical analysis
All analyses were performed using commercially-available statistical software (Statistical Package for the Social Sciences [SPSS], version 13.0; SPSS Inc., Chicago, IL, USA). A p less than 0.05 was considered to indicate statistical significance. Table 1 represents the demographic characteristics of the study population. With respect to CFR measurements, and based on a CFR cutoff value of 2.5 diabetic patients were classified into those with low (n = 52) CFR and normal CFR (n = 83) ( Table 2) . Diabetic patients with low CFR compared with those with normal CFR did not differ with respect to age, sex, body mass index, smoking incidence, SBP, metabolic profile and serum creatinine levels (p > 0.05 for all cases). The significant differences were observed in PPf (p < 0.0001), DBP (p < 0.05) and pulse pressure (p < 0.05) ( Table 3) .
Results
As far as echocardiographic parameters are concerned, diabetic patients with low CFR compared with those with normal CFR had increased left atrial volume index (p < 0.03). Moreover, diabetic patients with low CFR compared with those with normal CFR were characterized by significantly increased E/Em ratio (p < 0.001) ( Table 4) .
The results showed that in diabetic patients, PPf% was significantly correlated to the increased ASI (r = 0.52, p < 0.001) (Fig. 1) , with E/Em (r = 0.425, p < 0.001) (Fig. 2) , and left atrial volume index (r = 0.462, p < 0.003). On the other hand, PPf was negatively correlated with CFR (r = -0.68, p < 0.0001) (Fig. 3, Table 5 ). After applying multivariate linear regression analysis, PPf (p < 0.0001), ASI (p < 0.002), E/Am (p < 0.02), turned to be the most powerful independent predictors of impaired CFR (Table 6 ).
Discussion
The current prospective study revealed that 38.5% of asymptomatic patients with diabetes mellitus had abnormal CFR despite the absence of obstructive CAD. PPf was significantly correlated with ASI. PPf and ASI were significantly higher in patients with abnormal CFR than in those with normal CFR. Further, both PPf and ASI were significantly correlated with left ventricular dysfunction. Importantly, after correction for risk factors, PPf and ASI remained significant predictors of abnormal CFR.
It is not surprising that pulse pressure is associated with an increased risk of cardiovascular events (MI, CHF) and death [10, 11] . However, because different combinations of SBP and DBP give the same pulse pressure value (e.g., blood pressures of 130/60 and 180/110 mm Hg both give a pulse pressure of 70 mm Hg), indeed, PPf, repre- sented as a parameter of the pulsatile component of blood pressure, was superior to pulse pressure in terms of the risk stratification of atherosclerosis. We evaluated the relation between PPf and CFR in diabetic patients with normal coronary arteries. Diabetes is one of the most important risk factors for the presence of aortic atherosclerotic plaque, and a positive association has been shown between the presence of atherosclerotic plaque and arterial stiffness [12] . It is important to note that some of the mechanisms by which arteries stiffness after exposure to elevations in blood glucose occur rapidly, whereas others require more time to develop. For example, peripheral arterial endothelial function is known to deteriorate 1 h after high glucose oral intake while increases the local activity of renin-angiotensin-aldosterone system and expression of angiotensin type 1 receptor in vascular tissue promoting development of wall hypertrophy and fibrosis are chronic mechanisms [13] .
A study of asymptomatic patients with risk factors for ischemic heart disease showed that patients with higher augmentation index and pulse wave velocity had a lower CFR. In a normal elastic aorta the pulse wave reflects from the periphery and returns to the heart in diastole, which improves the diastolic filling of the coronary arteries. With aorta stiffening the pulse wave returns during systole resulting in increased afterload and myocardial oxygen demand which could mean that a reduced CFR in heart failure patients without significant coronary artery stenosis might not only be due to impaired coronary microcirculation, but that a reduced diastolic filling can be a participating factor [14, 15] . Ascending aorta pulse and PPf are significantly associated with the presence of cardiac syndrome X and these associations are independent of age and other cardiovascular risk factors [16] . The increased aortic stiffness is regarded as a contributor to the development of increased systolic hypertension with reduced DBP and increased pulse pressure [17] . These changes contribute to the increased myocardial load and to the reduced myocardial oxygen balance [18] .
The current study shows that there is a significant correlation between PPf and ASI with left ventricular diastolic function. An increase in PPf and aortic stiffness was directly associated with a significant increase in E/Em ratio an indirect parameter of left ventricular filling pressure. Of note, these parameters have been shown to be associated with symptomatic status and poor prognosis [19] .
Elevated left ventricular diastolic pressure associated with reduced arterial DBP limits the CFR and leads to subendocardial ischemia even in the absence of significant CAD [20] . Hence, the longitudinal function, governed by the subendocardial fibres, is the first to be altered, while left ventricular ejection fraction, depending more on mid-wall myocardial fibres, is maintained within the normal range until the compensatory mechanisms are exhausted [21, 22] .
Clinical implications
In the current study, abnormal CFR not attributable to obstructive CAD could be related to impaired endothelial function. Increased aortic stiffness is usually associated with impaired endothelial function. Accordingly, increased PPf could be considered a simple noninvasive parameter of subclinical atherosclerosis in patients with CAD risk factors like diabetes mellitus; consequently, intensification of antiatherogenic therapy seems to be indicated in asymptomatic diabetic patients with abnormal CFR even in absence of obstructive CAD. Furthermore, considering that in diabetes mellitus abnormal CFR is often observed in the absence of obstructive CAD, the question emerges of whether this test should be accompanied by a noninvasive test. Indeed, referral of all asymptomatic diabetic patients with abnormal CFR for invasive coronary angiography should be avoided considering that many patients will not have obstructive epicardial stenosis amenable to revascularization. The combined noninvasive assessment with PPf and ASI may allow a more comprehensive assessment of CAD and facilitate further management.
Conclusions
In asymptomatic diabetic patients with no obstructive epicardial coronary artery, increased PPf was an independent predictor of abnormal CFR and is strongly associated with increased ASI. In view of the likely reversible nature of endothelial dysfunction and the cardiovascular prognostic value of abnormal CFR in asymptomatic diabetic patients, it is presumable that PPf could be utilized as a noninvasive parameter in risk stratification of asymptomatic diabetic patients who will benefit from intensified pharmacologic treatment even in the absence of obstructive CAD.
